We study inclusive electroproduction on the proton at low x and low Q 2 using a soft and a hard Pomeron. The contribution of the soft Pomeron is based on the Stochastic Vacuum Model, in which a nonperturbative dipole-dipole cross section can be calculated by means of a gauge invariant gluon field strength correlator. To model the hard Pomeron exchange we phenomenologically extend the leading order evolution of a power-behaved structure function, F 2 ∝ x −λ , proposed by López and Ynduráin. This extension allows to consider both the case Q 2 = 0 and the region of higher Q 2 on the basis of the same parametrization. A good simultaneous fit to the data on F 2 and on the cross section σ γp of real photoproduction is obtained for λ = 0.38. With five parameters we achieve a χ 2 /d.o.f. = 1.13 for 233 data points.
Introduction
Since the start of HERA exciting new information on the proton structure at very small x has been produced. Recently, the low x study has been extended to cover very small virtualities Q 2 [1, 2] . This kinematical region is of particular interest because a transition from the purely perturbative scaling violations at large Q 2 to different physics at small Q 2 can be observed. We consider the photon-proton collision in the cm frame. In this frame, the photon acquires a structure leading to the interaction of two structured objects. Accordingly, at least at high cm energy and low Q 2 , the γ * p interaction has strong similarities to the hadron-hadron interaction. Our consideration of the soft Pomeron is based upon the fluctuation of the photon into adipole. Higher Fock states (e.g. qqg) in the wave function of the photon may lead to a hard Pomeron behaviour of the γ * p cross section. In the framework of a model containig a soft and a hard Pomeron we perform in the present paper a fit to HERA data on F 2 together with data from NMC and E665 in a kinematical window given by 0.11 GeV 2 < Q 2 ≤ 6.5 GeV 2 , x ≤ 0.01, and W ≥ 10 GeV, with W representing the γ * p cm energy. Moreover, all data on the total absorption cross section σ γp of real photons with W ≥ 6 GeV are considered. The fit includes five free parameters. Our investigation is a natural extension of previous work [3] , where F 2 at fixed W (20 GeV) has been studied as a function of Q 2 . In Ref. [3] only a soft Pomeron contribution, derived in the Stochastic Vacuum Model (SVM) [4, 5] , has been taken into account. The aim of the present paper is to study the importance of the soft Pomeron as given by the SVM in the low x and low Q 2 region of HERA. The SVM is a specific model of nonperturbative QCD. It lives on the assumption that the infrared behaviour of QCD can be approximated by a Gaussian stochastic process. As central quantity of the SVM serves the correlator of the gluon field strength (nonlocal gluon condensate), which consists of an Abelian and a non-Abelian part, where the nonAbelian correlator gives rise to linear confinement in terms of the Wilson area law. Three parameters determine the correlator: The overall normalization is given by the local gluon condensate g 2 F F , while the correlation length a fixes the shape of the correlator in coordinate space. Finally, the parameter κ regulates the relative weigth of the Abelian and the non-Abelian term. These parameters are proper quantities of nonperturbative QCD and can be obtained from lattice simulations. More details on the technical aspects of the SVM may be found e.g. in Ref. [6] .
Making use of the eikonal approximation an expression for the dipole-dipole scattering amplitude of the SVM has been derived [7] . Any diffractive reaction involving hadrons or photons can be calculated by means of the dipole-dipole amplitude and the transverse wave functions of the particles. Besides studies on F 2 [3, 8] , the SVM has been applied to hadron-hadron scattering [7, 9, 10] , photo-and electroproduction of vector mesons [11, 12] and of π 0 [13] , and in a very recent work to the γ * γ * interaction [14] . In the color-dipole picture of high-energy scattering the cross section depends on the sizes of the scattered particles. As a consequence, for instance the value of about 2/3 for the ratio of πp to pp total cross sections can naturally be explained by the different radii of π and p. Though the SVM gives a prediction for the dipole-dipole cross section as function of the dipole sizes, the resulting cross sections are energy-independent. In particular, the s 0.08 dependence of soft high-energy hadron-hadron scattering [15] does not follow from the SVM. (According to a recent work [16] a behaviour like s 0.094 gives a better fit to hadon-hadron cross sections.) Any energy-dependence of the scattering amplitude of the SVM has to be incorporated in a phenomenological way.
In order to explain the increase of F 2 at low x and finite Q 2 the soft Pomeron behaviour of hadron-hadron scattering is not sufficient. Therefore, in our treatment we keep the energy-independent prediction of the SVM as soft Pomeron and add, similar to other approaches (see e.g. [17, 8] ), a hard Pomeron component. For quite some time the BFKL-mechanism (exchange of a gluon-ladder) [18] has been considered as microscopic explanation of a hard Pomeron exchange. However, due to the poor convergence of this perturbative approach [19] , the status of the BFKL-Pomeron is more than ever unclear. Because of this situation, and the fact that we are mainly interested in the behaviour of the soft Pomeron, we use a simple ansatz for the hard Pomeron, which has been derived by López and Ynduráin [20] and results from the leading order DGLAP evolution [21] of F 2 . We modify the solution of the DGLAP equation by multiplying a phenomenological factor, leading to a parametrization which can be applied in the limit Q 2 → 0 without introducing a singularity in the cross section of photoproduction. Besides the soft and the hard term in the singlet part of F 2 , we consider also a nonsinglet contribution which is required at lower values of W .
Soft Pomeron
The structure function F 2 is given by the sum of the longitudinal and transverse total γ * p cross section in the form
The relevant cross sections due to the soft Pomeron exchange have been calculated in Ref. [3] using the imaginary part of the forward amplitude for elastic γ * p scattering in the SVM. We obtain the result by summing over the flavors f of the qq-fluctuation of the virtual photon,
where e f denotes the charge of the different quark flavors. We have taken into account the three light quarks u, d, s. The use of a lower bound r cut in the r-integration differs from the treatment in [3] and will be discussed in more detail below. The integrands in (2) depending on the longitudinal momentum fraction z of the quark and on the qq-size r read
The integrands are obtained from the absolute square of the virtual photon light cone wave functions which contain the modified Bessel functions K 0 and K 1 , multiplied by the quantity J p (z, r) which represents the soft Pomeron induced cross section for scattering of acolor dipole of size r off the proton target in the SVM [11] . In J p (z, r) the average over the azimuthal dipole orientations has been carried out. For a general dipole proton cross section the expressions in (3) are identical to those given in Ref. [22] . In the SVM the cross section J p (z, r) depends only very weakly on the longitudinal momentum fraction z, where at low r this dependence is completely negligible. For small r one finds the dipole behaviour, J p (z, r) ∝ r 2 , while for larger values of r the cross section is no longer linear in r 2 . Around 1 fm for instance, one obtaines a shape like r 1.5 [11] . The size of J p (z, r) is given by the parameters of the field strength correlator ( g 2 F F , a , κ) and the extension parameter S p of the proton which is related to the proton radius r p (S p = 2 r p / √ 3) and determines the shape of the (Gaussian) wave function of the proton [11] . The quantity κ is taken from a lattice calculation [25] , while the remaining three parameters are fixed by the experimental values of the total pp cross section and the slope of the differential pp cross section, both taken at a cm energy of 20 GeV, and in addition by the phenomenological qq-string tension ρ = 8 κ a 2 g 2 F F /81π. To be explicit we adopt the values [11] ,
In Eq. (3) ε f denotes the extension parameter of the photon. It depends on the quark flavor through the quark mass and thus each flavor contributes in a different way to the integrands I f,L/T . A crucial quantity in I f,L/T is the Q 2 dependent quark mass. For large values of Q 2 , the hadronic component of the photon is a freepair, while at lower Q 2 usually vector meson dominance (VMD) is used. In our approach, the photon is represented by afluctuation over the whole region of Q 2 . This picture of the photon has been studied in detail in Ref. [3] and leads automatically to an effective quark mass interpolating between a constituent quark and a current quark. Making use of quark-hadron duality the effective quark mass can be derived by comparing the phenomenological photon polarization tensor, which is obtained from VMD-poles and perturbative continuum, with the polarization tensor we get in our description of the photon. Since in the photon wave function Q 2 appears together with the factor z(1 − z), the quark mass has been investigated as function of
The parametrization of the light quarks is [3] 
while for the strange quark one gets
with a parameter R = 1. In previous works on inclusive scattering [3] and on vector meson production [12] the cross sections induced by real photons have always been too low by about 10 − 15%. This drawback can be removed by lowering the quark masses. Therefore, in our numerical calculation we took R = 0.87 which gave us the best fit to the data. The mass reduction of 13% is probably within the error bars which the values of m f in (5,6) actually have. For the lower bound of the r-integration in (2) we have chosen r cut = a. The reason for this cut is two-fold: First, lattice data for the field strength correlator show a clear deviation from the specific correlator used in the SVM at distances below the correlation length (see e.g. Ref. [26] ), where the deviation is due to a manifest perturbative contribution. As a consequence one can not trust the SVM for such short distances. Second, our hard Pomeron already describes the physics of small color dipoles, even though we do not yet have a dipole formula for the hard cross section. To keep at small distances the SVM part of the cross section in addition to the hard part certainly leads to double counting in this region. Of course, our specific separation in soft and hard physics is to some extend arbitrary. In particular, one could try to improve the final result by fitting the value of r cut , which introduces however a new parameter. Moreover, the lattice results clearly indicate a transition between soft and hard effects at distances of the order 0.3-0.4 fm. The cut of the SVM contribution is similar to the procedure proposed by Rueter [8] previously. Nevertheless, the low distance physics is described in a different way in both approaches.
Hard Pomeron
Also for the hard Pomeron in principle a dipole description with an improved photon wave function containing gluons in addition to thepair holds. The scattering of these gluons on the proton is by far not trivial, for their transverse momenta can be small. A procedure has to be developed to separate soft and hard contributions. As working hypothesis the gluons with small light cone energies (i.e. finite light cone momenta and small transverse momenta) are already in the parametrization of the gluon field strength correlator of the SVM. There remain only gluons with large light cone energies (i.e. very small light cone momenta and large transverse momenta). These may be treated perturbatively.
In order to take into account the contribution of the hard Pomeron we consider for simplicity the evolution of a power-behaved F 2 as derived by López and Ynduráin [20] . QCD implies that to leading order in the running coupling the singlet structure function is of the form
, and
In Eq. (7) d + denotes the leading eigenvalue of the anomalous dimension matrix of the quark-singlet and gluon evolution kernel. The formula for d + is valid for λ close to zero. The quantities B 2S and λ are free parameters. Eq. (7) can be applied only for small values of x and is based on a singular gluon input. We emphasize that (7) is compatible with Regge theory, since the intercept (1 + λ) of the hard Pomeron does not depend on Q 2 . While in Ref. [20] the expression (7) has been used above Q 2 = 3 GeV 2 , in a recent work Adel, Barreiro and Ynduráin [23] proposed to analyse F 2 also for lower values of Q 2 on the basis of (7). However, in this case a phenomenological modification of (7) is required in order to get a finite cross section for photoproduction. One possible modification is given in Ref. [23] . The authors make use of a specific freezing of the strong coupling,
Moreover, d + has to be replaced using the self-consistency equation
One can now show immediately that by means of (8,9) the total cross section of photoproduction
is finite. In [23] Eq. (9) has been solved leading to λ = 0.47. In particular, in the case of photoproduction this value seems to be too large as will become obvious in the next section. Therefore, we also apply Eq. (9), but in contrast to [23] we keep λ as a free parameter in our fit. In addition to this parametrization, we consider an alternative modification of (7),
, where we use a conventional Λ QCD = 0.25 GeV. To keep the number of free parameters as small as possible the same quantity M serves as freezing mass inα s and as parameter in the phenomenological factor Q 2 /(Q 2 + M 2 ). Formula (11) avoids a relation between the freezing mass and Λ QCD in the strong coupling. At large Q 2 , QCD evolution (to leading order) is restored, and no use of the approximation (9) has to be made. Because of these reasons we consider the parametrization (11) as the most natural phenomenological extension of (7) allowing us to interpolate between Q 2 = 0 and higher values of Q 2 . For completeness we also allow for a nonsinglet contribution F 2N S of the structure function, where we copy the procedure used in the case of F hard 2S . Analogous to (7) leading order QCD evolution results in [23] 
d N S (n) = 16 3β 0 1 2n(n + 1) + 3 4 − S 1 (n) , and
To make σ γp finite we distinguish again two different modifications of (12) . For convenience, we keep in both cases the fixed value ρ = 0.45 taken from Ref. [24] . Since we do not consider data at low energies (below 6 GeV) the fit does not produce a stable number for ρ. In the first parametrization we replace the anomalous dimension according to
The explicit solution of (13) with d N S in Eq. (12) leads to ρ = 0.52 [23] . As second parametrization we use in analogy to (11) the expression
The formulae for F hard 2S
and F 2N S contain together four free parameters.
Fitting Inclusive Photo-and Electroproduction
Our complete ansatz for the structure function reads
where the soft singlet part F soft 2S represents the contribution of the SVM as discussed in Sec. 2. Experimental data for both σ γp and F 2 are fitted to Eq. (15) . In practice we fixed F soft 2S from the SVM and fitted the two sets of parameters (B 2S , B 2N S , λ, Λ or C 2S , C 2N S , λ, M) to the difference of the data and the soft Pomeron contribution. Since the evaluation of F soft 2S requires tedious multiple integrations, the only free parameter of the soft Pomeron (quantity R in Eqs. (5,6)) is not actually fitted but rather optimized on a discrete set of numbers obtained in separate calculations.
For the data on F 2 we used the kinematical cuts Q 2 ≤ 6.5 GeV 2 , x ≤ 0.01 and W ≥ 10 GeV. The limitation in Q 2 is due to the missing evolution of the soft Pomeron part, and the fact that the hard part is evolved only to leading order. Our ansatz for the hard Pomeron requires the cut in x. Since the scattering amplitude of the SVM is obtained from an eikonal approximation the limitation in W becomes mandatory. Our fit contains 150 data points obtained at HERA [1, 2, 27, 28], 8 data points from NMC [29] and 43 data points from E665 [30] . Furthermore, 32 photoproduction data [31, 32] have been included, where we required the condition W ≥ 6 GeV. Compared to F 2 , we have chosen for σ γp a lower bound in W in order to receive stable numbers for the normalizations B 2N S and C 2N S of the nonsinglet part.
In the first parametrization a χ 2 /d.o.f. = 1.16, i.e. a good description of the experimental data is achieved. The resulting values of the parameters are
For the second parametrization the fit improves slightly. We obtain χ 2 /d.o.f. = 1.13 with the parameters
Obviously, the quality of the two fits is very similar. The difference of both fit-functions becomes certainly more important as soon as data at higher values of Q 2 are involved. For the essential parameters in (16, 17) the errors are very small. The poorly constrained nonsinglet contribution is only of minor importance. A reduction of the errors of B 2N S and C 2N S requires the inclusion of data below W = 6 GeV. Our result for λ is on the lower edge of the recent result (λ = 0.42) obtained by Donnachie and Landshoff [17] [32] . Our fit (full line) is compared to those performed by Donnachie-Landshoff (dashed line) [17] and Adel-Barreiro-Ynduráin (dotted line) [23] .
and far below the value λ = 0.47 of Ref. [23] . The numbers of the saturation scales Λ = 1.13 GeV and M = 1.14 GeV may be related to the lowest hadronic state having a qqg orstructure. These states could be considered as the entrance channel for the hard Pomeron.
In all numerical results we discuss in the following, our second ansatz including the parameters of Eq. (17) enters. We first consider the cross section of real photoproduction (see Fig. 1 ). The soft Pomeron gives rise to the energy-independent contribution σ SV M γp = 105.9 µb. This number depends crucially on the value of the constituent quark mass, where a reduction of the quark mass increases the cross section. In order to get in our two-component model a satisfying description of σ γp for the whole energy range a reduction of the quark masses is unavoidable. The rise of σ γp with increasing cm energy W is completely given by the hard Pomeron. This behaviour is different from the fit of Donnachie and Landshoff [17] , where the hard Pomeron plays only a subordinate role in real photoproduction and the shape of σ γp is mainly determined by the s 0.08 dependence of the soft Pomeron contribution. The parametrization of Adel, Barreiro and Ynduráin [23] is similar to our approach. Contrary to us, these authors exploit for the soft Pomeron part in F 2 the simple VMDinspired expression Q 2 /(Q 2 + Λ 2 ). The fit of Ref. [23] , which includes data on to Q 2 = 0.32 GeV 2 , can only describe the HERA data on σ γp but underestimates the low energy data by about 35%. One reason of this shortcoming is certainly the high value λ = 0.47 adopted in [23] . The experimental observation that below W ≈ 10 GeV the cross section increases with decreasing W is not reproduced in our results. This drawback has its origin in a small nonsinglet part F 2N S , which is mainly caused by the large σ
SV M γp
. As already mentioned, the energy-independent SVM-contribution arising from the eikonal approximation is probably unreliable at low W . Moreover, threshold effects as discussed extensively in Ref. [3] lead to a decrease of σ SV M γp with decreasing energy, automatically requiring a larger nonsinglet term in the fit. In the present paper we did not investigate the region of low W in more detail.
We now consider the results on F 2 by focusing first on the Q 2 dependence of the structure functions at fixed W . Fig. 2, containing F 2 at W = 20 GeV, demonstrates a good agreement with the experimental data. The hard and the soft contributions are shown separately. In this picture F 2N S is included in the hard part leading to a small effect of about 10%. At low Q 2 , both F are increasing with Q 2 , where the soft part reaches a maximum around 2 − 3 GeV 2 . Since at higher Q 2 thedipoles of the photon are dominantly small, the decrease of F soft 2 in this kinematical region is due to the lower bound r cut in the integration over the dipole sizes. We emphasize that the [29] and E665 [30] . The cm energies for the experimental points lie within a range of ±5% around the quoted numbers.
shape of F soft 2 has a strong similarity with the purely empirical finding of Donnachie and Landshoff [17] . It is interesting to note that the soft and the hard Pomeron exchange give sizable contributions for a relatively large range in Q 2 . The hard Pomeron leads already at Q 2 = 1 GeV 2 to an effect of about 25%, while on the other side the soft Pomeron part is at Q 2 = 6 GeV 2 of the order 60% and therefore still very large. To give an impression of the W dependence, F 2 (Q 2 ) is shown in Fig. 3 for different cm energies W = 20, 60, 100, 200 GeV. While F soft 2 is independent on W , the behaviour of the hard part is given by F hard 2
λ . This leads to the fact that for high W the hard part dominates even at relatively low Q 2 . In comparison with the case of W = 20 GeV we find that for W = 200 GeV the hard Pomeron contributes about 65% at Q 2 = 1 GeV 2 and 80% at Q 2 = 6 GeV 2 . In Fig. 4 we plotted F 2 (Q 2 ) for various values of x concentrating on the region of HERA kinematics. This plot demonstrates that our model allows to fit the data for several orders of magnitude in x. To compare the relative contribution of the soft and the hard Pomeron exchange we consider here for convenience only the experimental point with the lowest value in x and Q 2 (x = 0.42 · 10 −5 , Q 2 = 0.15). In this case the soft part turns out to be of the order 55%. We finally discuss the logarithmic derivative dF 2 /d log Q 2 as shown in Fig. 5 , where the data points are taken from Ref. [33] . The experimental data in Fig. 5 are usually considered as proof of a breakdown of the perturbative scaling violations as given by the DGLAP equation [34] at a certain Q 2 0 . However, as has been pointed out e.g. in Ref. [35] , the value of Q 2 0 is strongly dependent on the specific selection of the experimental points. Our two-component model explains the data on the derivative quite well. The contribution of the SVM is shown separately in Fig. 5 . At very low values of Q 2 , the soft Pomeron gives rise to an effect of about 50%. This effect decreases with increasing Q 2 leading to a slightly negative value above 2 − 3 GeV 2 . The shape of the soft contribution just reflects the Q 2 dependence of the SVM part shown in Fig. 2 .
Summary and Discussion
We have computed the structure function F 2 of the proton (for 0 < Q 2 ≤ 6.5 GeV 2 , x ≤ 0.01, W ≥ 10 GeV) and the total cross section of real photoabsorption (for W ≥ 6 GeV) HARD+SOFT SOFT Figure 5 : Logarithmic derivative of F 2 vs x. Data points are from [33] . The soft contribution of the SVM is shown separately.
in the framework of a two-component model consisting of a soft and a hard Pomeron. In a fit to 233 data points we obtain a χ 2 /d.o.f. = 1.13 with five free parameters. Our soft Pomeron is calculated from the Stochastic Vacuum Model, which can be considered as approximation of QCD in the infrared region. The SVM describes the complicated structure of the QCD vacuum in terms of a nonlocal gluon condensate, where the variation of the condensate in Minkowski space-time is governed by the correlation length a. In the framework of the SVM, diffractive scattering of two particles is equivalent to the scattering of two Wegner-Wilson-loops, leading automatically to cross sections in the color-dipole picture. To fix the distribution of the loops in the transverse space, valence quark wave functions of the particles have to be introduced.
The wave function of the photon is determined in perturbation theory and accounts for a fluctuation of the γ * into astate. This description differs from VMD frequently used in the region of low Q 2 . A sufficient simultaneous description of F 2 and σ γp for low and high W by means of VMD is difficult, and requires in general further parameters.
VMD of the photon enters in our picture only through the determination of the quark masses by quark-hadron duality [3] , and hence in a indirect way.
Our soft Pomeron contains only one free parameter which regulates the overall normalization of the Q 2 dependent quark masses in the photon wave function. Compared to previous work on F 2 at fixed W = 20 GeV [3] , performed only with a soft Pomeron, our fit favors a reduction of the quark masses by 13%. Such a reduction improves also e.g. the cross section for photoproduction of ρ-mesons [12] . The remaining (four) parameters of the soft Pomeron have been taken from other sources and left unchanged [11] .
The cross sections of the SVM are energy-independent, contrary to the s 0.08 behaviour of the soft Pomeron in hadron-hadron scattering. To describe the data on F 2 obtained in fixed-target experiments and at HERA a hard Pomeron has to be considered in addition. The hard Pomeron exchange in F 2 has been parametrized by the leading order QCD evolution of a power-behaved structure function (F 2 ∝ x −λ ) [20] . Assuming a singular gluon input, the evolution does not produce a Q 2 -dependence in the intercept, and hence the result is not in conflict with Regge theory. The parametrization has been multiplied by a simple phenomenological factor in order to obtain a finite result in the case of real photoproduction. Our fit leads to λ = 0.38, which is close to a recently proposed value (λ = 0.42) by Donnachie and Landshoff [17] .
During the last time many people investigated F 2 at low x and especially at low Q 2 with different models. The approaches comprise shadowing effects, Pomerons with a Q 2 dependent intercept, VMD calculations in combination with perturbative evolution and others (see e.g. Refs. [36, 37, 38, 39, 40, 41, 42, 43, 44] ). Moreover, two-component Pomeron models have been applied to the γ * p interaction by various authors [23, 45, 46, 35, 17, 8] . With a soft and a hard Pomeron Donnachie and Landshoff [17] presented for a large kinematical region a very good fit to σ γp and F 2 using 10 parameters. In this work not only the intercepts, but also the residues of both Pomerons have been fitted. In contrast to this the residue of our soft Pomeron is fixed by the SVM and related to parameters of nonperturbative QCD. In addition, at higher values of Q 2 , the residue of the hard Pomeron follows the (leading order) evolution of QCD.
Our work strongly overlaps with the approach of Adel, Barreiro and Ynduráin [23] , since we are using essentially the same expression for the hard Pomeron. However, we differ in the way of performing the limit Q 2 → 0 in the hard part and, in particular, in the ansatz of the soft Pomeron, where in [23] a single VMD pole has been taken. The parametrization of Ref. [23] , which is obtained from a fit to F 2 , fails in describing the data on σ γp at low cm energies.
The work of Rueter [8] , where a good description of the γ * p interaction has been achieved, is also based on the SVM and therefore closest to ours. As discussed in detail in Sec. 2, we cut the soft proton-dipole cross section below the correlation length a = 0.346 fm. The interaction of small dipoles is taken into account by the hard Pomeron. A transition between soft and hard physics at distances of the order of the correlation length is clearly suggested by lattice calculations [26] . In Ref. [8] the treatment of the dipoleproton cross section also changes below a. Contrary to our approach, Rueter still makes use of the residue of the soft Pomeron in the region of 0.16 − 0.35 fm, but multiplies for this kinematics the cross section by the energy-dependence of a hard Pomeron (intercept 1.28). Dipoles with an extension smaller than 0.16 fm are treated by perturbative two gluon exchange.
The extension of our two component model for F 2 to large Q 2 still has to be analysed. Moreover, one has to study the consequences in the case that our soft contribution is multiplied by the energy-dependence of the soft Pomeron of hadron scattering. If the fit significantly improves we would interpret this result as a further hint that a soft Pomeron leading to a slight energy-increase is required not only in the interactions of hadrons but also in γ * p interaction.
